Radiation Hard Sensor Materials for the eMS Tracker Upgrade
Matt h ias Berg h olz On behalf of the eMS tracker collaboration . Abstract -The upgrade of the LHe machine to deliver a significantly higher luminosity of about 5*1 fY4cm-2S-J is planned to be operational after 2020. This will significantly increase the radiation dose of the inner detector systems, requiring new radiation hard sensor materials for the eMS Tracker. To identifY the appropriate materials, which are able to withstand the radiation environment in the middle to outer layers of the eMS Tracker during the full lifetime of the high luminosity LHe, are large irradiation and measurement campaign has been started. Several test structures and sensors have been designed and manufactured on 18 diff erent combinations of wafer materials, thicknesses and production technologies. The structures will be electrically characterized before and after irradiation with diff erent doses of neutrons and protons. The goal of this so called "HPK Campaign" is to find the best material, technology and geometry choice for the upgrade of the silicon tracker. To achieve this goal one wafer layout, as shown in figure 1, was designed and produced on different substrates, with different thicknesses and production technologies. To avoid influences from the chosen production process all wafers were produced by only one producer, Hamamatsu Photonics KK (HPK). and were produced with three different production technologies (P-in-N, N-in-P,p-spray and N-in-P,p-stop) . In addition 18 Float Zone sensors were produced with a second metal layer.
II . CAMPAIGN DETAILS
After delivery, all test structures are fully electrically characterized. .lm material which is on a carrier wafer, too. The diff erent production technologies are: P doping in N bulk (P-in-N) , N doping in P bulk (N-in-P) with p-spray or p-stop as isolation technique, respectively. For all of these three production technologies, sensors with a second metal layer on Float Zone, 200J.lm thick, material exist.
III .
IV. FIRST RESULTS

A. Production Process Analysis
With Spreading Resistance Profiling (4( the doping profile of one sensor can be measured. This measurement was done for the deeply diffused wafers. In figure Deep Backside Diffusion on Floating Zone p Bulk Material
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., __ l� __ .... _ l�,, _ , .. figure 7 . The values for the same pitch and pixel length are higher for the punch-through biased regions than for poly-silicon biased regions. The ratio of the capacitance for both bias methods over all pitches and pixel lengths is between 1.11 and 1.26 (on average 1.18). As expected, the capacitance is higher for smaller pitches and around a factor of two smaller for the short pixels.
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Normalization to the pixel length and to a reference pitch of 80�m results in a "capacitance per unit length" [8] with a mean value of 0.53pF*cm-1 and a standard deviation of 0.07pF*cm-1 for punch-through biasing and 0.43pF*cm-1 and a standard deviation of O.lOpF*cm-1 for poly-silicon biasing. For the inter-pixel capacitance no significant difference between the different production technologies could be found.
The total capacitance measured s ring at a bias voltage of 450V is presented in fi, nparing all Float
Zone materials, the dependence on ss is as expected.
The total capacitance is higher ly-silicon biased regions than for the punch-through bIased. Moreover, the capacitance for the regions with longer pixels is lower than for the corresponding region with short pixels. The differences of the capacitance for the pitches could be explained with the different area of the regions. The ratio between the capacitances of the punch-through biased regions and the poly-silicon biased regions is higher for thinner sensors. For Magnetic Czochralski silicon the effect of biasing for the total capacitance is less pronounced than for the Float Zone material. . � 50.0f
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• New results on irradiation, annealing studies and test beam measurements will be published soon.
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